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Physical setting

» nheutrino emission

» Astrophysical systems

e Degenerate He cores of red giant
stars

e Cooling in pre-white dwarf interiors
e Accretion disks of GRB

e Type 1l supernovae

e Pulsar velocities

» QED plasma, subnuclear densities



Neutrino emitting processes at

subnuclear densities
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Motivation and objectives

Differential rates (dI') and emissivities (d(Q)) —
crucial for v transport a la Boltzmann equation

In previous works Lenard’s identity:
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e Eliminates information about E & 6
dependence of v’s

e Bypasses calculation of (|M|*)

Obtain (|M|?), dT, dQ, and Legendre coefficients
for plasma & photo-neutrino processes

Checks for Q from previous works



Boltzmann transport equation

» Evolution of the v distribution function f(u, F1)
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» Production/absorption kernels: RP*(FE;, Ey, cosf)
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The plasma neutrino process

» ‘massive’ photon 'Q< A
k 7z E Y
» 1-loop calculation TN N
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» Vector (T+L), axial (T) and mixed (T) contributions
Phys. Rev. D67, 123002 (2003)
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Plasmon: production kernels (1)

» production and absorption kernels
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» Legendre expansion coefficients
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Plasmon: production kernels (2)
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Plasmon: production kernels (3)
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Plasmon: Total emissivity
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Plasmon: T, p dependence
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High temperature regime (7" >> w,)

> emissivity
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High density regime (T < w))

> emissivity:
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Regimes (cont.)
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» w, > T —massive particle = “back to back”
» w, < T —light particle = small angle



Approximate vs. exact
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Plasma neutrino: Summary

full | M|” is computed
2
M|
e transverse (vector, axial, mixed)

e |ongitudinal (vector only) — high p

BTE relevant quantities:
Rp,a(Eh EQ, (9), (I)f’a(El, EQ)

1-loop dispersion relation

e accurate approximation
(Braaten, Segel: PRD47, 1993)

analysis of the proces in different regimes



The photo-neutrino process
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full | M|’

dQ)’s, dI'’s

RP®, P

verified through total Q’s
lowest order dispersion relation

accurate for nonrelativistic & nonde-
generate matter

Photo-neutrino
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Photo-neutrino: RP*(FEy, E», ),
(I)?a (El ; E2)
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Photo-neutrino: Total emissivity
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Degenerate limit
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Photo-neutrino: Summary

» full |M|* is computed
ik
e transverse
e |ongitudinal - high p
o verified: Q, T’
o RP(EL, E2,0), d(E1, E2)

» approximations for different physical regimes
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Comparison with competing processes
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Summary

1 —

computed full |M|*'s

analytical expressions for d@Q and dal’s _*} "

©
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production/absorption kernels for BTE

log,o(T [K])

relative importance depends on 7, p

importance to be explored S |
(neutrino transport + hydrodynamics) 1 00,(PY, [9 cm’])
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